Introduction
In Bulgaria, about 40% of electricity is derived from power units burning lowcalorific value coal. The inclusion of renewable energy sources, the problems with natural gas supplies and especially sharply changing composition of the fuel puts powerful energy blocks in highly undesirable varying modes of participation in primary, secondary and tertiary frequency control and power of the power system. Steam generators are of crucial importance for the economic and secure operation of the power units. Robustness and the quality of the combustion process are 159 problematic for them. The main role here belongs to the Dust-Preparation System (DPS). A number of research sources [1, 3, 4, 8, 9] show that the DPS-control is a complex problem because there are frequently changing situations, because the object is with changing properties (due to the abrasion of the Mill-Fan (MF) blades) mainly due to the lack of direct measurements of the state of the combustion process and also to the lack of possibilities to influence it. The problem with the indirect measurements [2] during the last decade attracted substantial attention; it transformed into an independent scientific direction united under the term softsensing [6, [9] [10] [11] [12] . Its rapid development is determined both by the growing needs of current information to assess the characteristics and conditions of management with the available hardware and software tools that are implemented [5, 6] and by the rapid development of computational intelligence [4, 5, 10] . Along with the separate use of the already well utilized intelligent techniques (neural networks, fuzzy logic, genetic algorithms) [6, 10] , it appears that a significant improvement of the accuracy of the assessment and therefore of the management is achieved by the application of hybrid systems incorporating different types of models (analytic, data based) with intelligent techniques and knowledge items [4, 5, [7] [8] [9] 13] .
The current paper examines the use of hierarchically structured softsensing for an important practical problem -monitoring and management of the flame burning in the combustion chamber of powerful energy steam generators.
2. Dust preparation system and the combustion process From the bunker 1 the coal in the dispenser 2 is mixed with the recirculating drying gas sucked in by the end of the furnace along the gas collecting shaft 3. The coal (with humidity up to 55%) is partially dried in the drying shaft 4 and after the addition of cold air 5 it is fed into the mill fan 6, where it is crushed and grinded. The inertia separator 7 returns the coarse particles back into the MF and the 160 resulting dust mixture is fed to the combustion chamber of the boiler 8 via the burners 9. During the combustion of the coal dust a glowing flame is formed. Fig. 2 shows two cross sections of the flame -horizontal, on the level of the gas collecting shafts (a) and vertical (b). The problem with the alignment of the flame is very substantial. In cases of radial displacements there is an increased risk of slagging the screens and also of the overheaters' sections, while in cases of unwanted vertical displacement of the flame (b) there are experienced adverse effects that severely impair efficiency of the steam generator [1, 3, 8] : (1) SG(x, y, zGCS).
 There is an increase in the portion of the blown away underburned slack, because the residence time of the particles in the furnace is reduced.
 The usage of the shielded surfaces of the boiler is worsened.  The ratio radiation/convective input heat changes.  There is an increase in the temperature of the outlet gases from the boiler thus the efficiency is lowered.
 Combustion takes place in conditions with an increase of the amount of thermal Nitrogen Oxides (NOx). This is related to fines under the existing provisions. The combination of radial (a) and axial (b) displacements of the flame lead to improper filling of the furnace space, which reduces security and deteriorates the economy of the power unit "boiler -turbine".
Control problems with the burning flame
Flame control is a complex problem [1, 3] , the existing practice in Bulgaria relates efficiency to the experience of the operator. In many emerging situations this is unacceptable, especially in a deregulated energy market, where competition is extremely high due to the limited demand for energy and the existing schemes of its redemption. The main reasons for the difficulties in determining and controlling the position of the torch are based on the following five conditions.
1. The lack of direct measurements of almost all important variables determining the processes in the dust preparation system. The only measurable parameters are the temperatures of the air, the drying gases and the dust-and-gas mixtures. The amount of fuel ( i B ) to the separate MFs in some steam generators (e.g., "Bobov dol") is measured accurately enough whilst in others ("Maritsa Iztok" 2) it is not. The measurements' precision of the costs of air is insufficient. All other variables needed to control and to position the flame are not measured, the combustion process included.
2. In furnaces with tangential burners (Fig. 2a) , the flame is formed by the collaboration of 5-7 mill fans. Each of them has a different milling, ventilation and drying performance. All other input and output quantities also vary widely. This is clearly seen in Table 1 based on data from special experiments. This causes significant variations in the configuration and the alignment of the flame.
3. Mill fans wear after 1500 to 2000 operative hours. The wear rate is different depending on the load, the ash content in the coal, the mineral composition of the ash, the material quality of the MF blades and many others This degradation with different speed directly affects the performance of each MF, and therefore the formation of the flame as well.
4. The variable composition of coal (Table 1 ) is a source of random changes in the position of the flame. They are particularly important in low-calorific burning lignite from the mine "Maritsa Iztok".  Each mill fan actually has only two regulating effects -the amount of fuel Bi and the cold air VCB i , but no individual feedback to evaluate the effect of each of them.
 The stabilization of the flame can be performed under various combinations of control actions of the individual mill fans.
Formulation of the problem
This research has the following objectives:
1. Build a multilevel Softsensing System (SS) to provide input for adjusting the position of the flame in the combustion chamber by indirect indicators.
2. The multisensor system is a multipurpose one -evaluate immeasurable or difficult to measure variables and simulate the behavior of the dust preparation system.
3. Provide a system to control the position of the flame at indirect indicators derived on the basis of intelligent multisoftsensing.
Multilevel softsensing
The proposition concerns a three-level multisensor scheme shown summarized in Fig. 3 , which includes primary SS1, secondary SS2 and tertiary SS3 softsensing. The role of primary softsensing is based on direct measurements included in the DeCentralized management System (DCS), to form assessments of all necessary parameters for the secondary and tertiary sensing and management purposes. Elements are used that have already been developed in [1, 3, 7, 8, 9] and several new ones for primary softsensing: The secondary softsensing in the present research is dedicated to assessing the ventilation performance of each mill fan using the hybrid model:
is assessment for VMF i on the basis of an analytical mathematical model (the generalized computational scheme of this model uses a big deal of the direct and indirect measurements of primary softsensing (Fig. 4) ; For three and five linguistic variables there are formed 125 5 3  rules for fuzzy inference [5] . Fragment of this table of rules is shown in Table 2 . It is evident that the error in some cases reaches 10%, which is insufficient. An attempt to improve the accuracy by increasing the number of input variables and/or reducing the number of linguistic variables proved futile. Neural Network (NN) training is shown in Fig. 8a ) for a scheme with one hidden layer (Fig. 7) . The optimal number of neurons in the hidden layer is 6 (Fig. 8b) . The attempt to improve the accuracy by increasing the number of hidden layers was unsuccessful (Fig. 8c) . It was therefore adopted a neuronal model of structure (6, 6, 1) .
Coefficients i  in the formula of the hybrid model to assess the ventilation
Secondary softsensing SS2 includes ( Fig. 9 ): 1. Determine the ventilation performance of each operational mill fan. 2. Calculate the momentum of the dust-and-gas jet of each mill fan. 3. Construct the momentum of the dust-and-gas jet of each mill fan. In more detail this is illustrated in Fig. 10 , where mill fans A, D, E, F, G, H are operational. Furnace chamber Vector G is an indirect estimate of the radial displacement of the root of the flame in the cross section of the burners G(x, y, zB) and it is used in the system for radial alignment of the flame as discussed below.
c) Tertiary softsensing SS3
Tertiary softsensing has in this proceeding up the two components: SS31 is 2D flame image on the level of gas collecting shafts (x, y, zGCS). The inputs are direct measurements of the temperature at the entries of gas collecting shafts GCS i for each mill fan as it is shown in Fig. 11 . (Fig. 2) based on a statistical model for softsensing with inputs: fuel consumption B, Total Air (VTA) and Cold Air (VCA), the temperature at the end of the furnace SG, the average temperature at the entry of gas collecting shafts , GCS  the coefficient of excess air for the furnace EA and the temperature in the first radiation section of the primary steam overheater ʹPS.
Applied to the conditions in Bulgaria, tertiary softsensing should reduce spending by avoiding the introduction of some modern methods for measuring the position of the flame for a chosen horizon -mobile-cooled thermal camera, integrated optical sensors, laser systems, etc.
6. Control system for the position of the flame based on multisoftsensing
The system for controlling the position of the flame must overcome a large amount of modes and random disturbances characteristic of the power unit "boilerturbine". Some of them (stopping mill fans, enabling/disabling Incendiary Oil Burners (IOB), slagging) are of a discrete-event nature. Thus the use of conventional control systems for burning low-calorific lignite is ineffective [3, 8] .
Using observers of the state is possible, most of all for boilers with liquid and gaseous fuel [4] and also for high-quality coal of comparatively constant composition [1] .
Here we propose using a control system that stabilizes an indirect indicator of the position of the root of the flame G (Fig. 9, Fig. 10 ) and which imports corrections based on an software estimate of the 2D configuration of the thermal field of flue gases   S z y x , ,  ( Fig. 2, Fig. 11 ). The sequence of computational operations in this system based on multilevel softsensing (Fig. 3) is presented in Fig. 12 .
The scheme includes unit for decision Making (DM) depending on the current situation P, and an unit for the optimal distribution of fuel and of the secondary air for the mill fans. The stabilization of the indirect indicator of the position of the flame G (Fig. 10) is the basis for decision making about the control mode: just fuel change, joint change of the fuel and the cold air, stopping or switching to another mill fan.
For this purpose there are empirical rules, gained from experience of the operating staff. Distribution of fuel and air between the MFs is an optimization problem to be solved on the basis of the selected control strategy. The solution is 170 transferred to the execution unit which in our conditions is man-machine: a part of the functions are performed by conventional regulators and others (MF switching, enabling/disabling RMG) are implemented at the discretion of the operator. Tertiary softsensing SS3 which provides monitoring of the position of the flame allows the implementation of necessary adjustments. 
Experimental results
The basic modules of the developed system, presented in this paper, were softwareimplemented and they were included as an upgrade of an existing DCS in TPP. testifying about a significant deviation of the flame root. Fig. 15 shows in a real working system the temperature field in the furnace at the level of the gas collecting. It is determined by the pattern on Fig. 11 . The obtained configuration confirms the appropriateness of using the indirect software assessment of the displacement of the flame root G in the control scheme. Thus it is possible to obtain an assessment for the displacement of the flame at the level of the burners. A system is proposed to focus this indirect quantity in the center of the combustion chamber. This enables a simplification, speed-up and optimization of the cooperative management of all 6÷7 operating mill fans with no iterations related to the flame position in the actual furnace chamber at the level of gas collecting shafts which can lead to an increased risk of slagging and the deterioration of the boiler efficiency. The obtained results can be successfully applied to real mill fan systems control design.
